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(M) to Measure fall velocity, the snow
structure recorder (551). o~Eryst&al
identilfitin, andi the anow rate mter
(SIN) to measure enowfall rate.* These
Instrueente are deecribed and operatioom-
&I methods employed are discuased in
previous reports, * 5 010 -A, Data Re-
port.(Derthel, 1942); $UOU.OI-5, Data
Report (Barthel, stal., 1963); at Snom
Syqpoeim It (Berthel , et.al so 1962);
SPIR ' Sympoetum (Flank, et. als, 1963);
In an AJGL Report (Gibbons, at. &I.,

SNOW OLAAcgIzATIoN AsuRUN'r 11963); and at Snaw 5y~poolu III (Berthel,
no" SNO-TW/SaaIUKKZ VI eat. A3.. 1963)o ?MThi paper is coacerned

primirily with the presentation of data
Barbara A. Okia :recorded by the three AMOL prototype
Robert 0. Derthel Instruments and analysed for futur, coan-

l parisofs with results of other test
Cloud Physics french (LYC) participants. Inatrument modifications
Atmospheric Sciences Division ar* proseted.
Air Vbrce Geophysics Laboratory
Hanscom ANO, HL 01731 2. Instruments

AS~ftA~rThe fall velocity Indicator (WVI)
- ad the sam structure recorder (51)

Smo cheracterization measurements were modified for se at SUO-TID/Umoke
acquired during SNOW-TW/Swoe Wbek VI woek Vt.
are presented * A smmry of data for One problem with the MI has per-
eight days In January 1964 is given. sisted since instrumnt conception, that
These data consist of fall velocity, of weak or faded video imges". In the
Snm structure, and nom rate as recorded front lighting configuration used for
by la~oratory prototype equipment. A SUOW-MN-A aud SNOVOI3-5, strobed light
new concept of beck lighting on the was ref lected f ree the particle into
fall velocity indicator to discussed the camera. The isat of reflected
and data Gzmmples shown. Sam rate light varied with crystal else, shape,
plots, fall velocity and crystal type structure, and spatial configuration.
information are promeoted for selected This variation combined with lUnited
periods.* video resolution ad image magification

NNde It diff icult for the analyst to
1. latroduction Identify salient features m whch to

baoe nessuroests. This problem wee
Air brece Gephysics Laberstery compounded whea a particle tuabed or

(ARL) masurements reeidig the oscillated as It fello ad resulted in
characteristics of naturally fallies a broed Scattering of fall vslesity do-
saw were m"d at Gnp my tag, K temmiastiene.
dur&ng Jammer I96O In suppers of SMy-' To enhace particle 4sf inisies it

Pfug"b~ bek Vt.* Other r"sated tms decided to Gouity the W1 to a
toermese were beld previously in the back lighting osneept. A otrehe Imp

wine- 1961-1962 as amp sts lose, me snted at the rest of the sept
Jeries V in Imppert Of USO*433-Al ewbor beh"" a pemeilse severn
sod at amp GrayliS*. a dering Seseel shob 5 c t #iafue" light wUMd WOWe
1962, In suppefit of 3009V40-40 uho tdo ese det)y. WIms magoneim
sponong eqoeisas for thaen three prsvIdei a shdo Impu of the fallies
eperlaoees was the ess ArM ad se- pata.with bettr centrost end 4sf mi-
Slese Mrer% and Engineering Lebscatory ties. hethe, this washed boo permitted



(BENM) to measure snowf all irate. The
Instruments are dectiribed sand operatiom-
al methods employed are discused io
previous reports, * nSV'0l-As Date ase,
pert.(Derthel, 1962); SHOO--$ Data
Report (Barthel, *teats, 1983); at lowu
Symposium 1I (Barthel . oeal.,, 1952);
U.14 Symposium (Plank, St. al*$ 1963);
to an AVOL Report (Gibbos *to al-,,

SNOW aIRCfURIZATION HMsUMziar 1963)j and at Sum Symposium Itt (Barthel,
vMoll SWW-T/SNMWI VI t * aX3 o, 1983) 1* Thi paper to concerned

primarily with the presentation of data
Barbara A. Noia :recorded by the three ASM prototype
Robert 0. Berthel Instruments and analysed for future cow-

parisons with Tesults of other test
Cloud Physics Branch (LTC) participants. Instruwe&t modifications
Atompheric sciences Division ore preseoted.
Air Force Geophysics Laboratory
Hanscom AM, 3M 01731 2. Instruments

_______f The fall velocity Indicator (WVI)
and the snow structure recorder (556)

Snow characterization measurements were modified for use at SNOVWN/Smoke
acquired during SNOI-TW/Sweo Voek VZ week yr.
are presented.* A summary of date for One problem with the WI be* per-
eight days in January 1964 is given. sisted esne Instrument conception$ that
Theme data consist of fall velocity, of weak or faded video umages. In the
snow structure, and snow rate as recorded front lighting configuration used for
by laboratory prototype equipment. A 811W-ONE-A and SNW-O-B, strobed light
new concept of beck lighting on the was reflected from the particle into
fall velocity Indicator is discussed the Camera. The amount of reflected
and data examples shown. Sonw rate light varied with crystal also. shape.
plots, fall velocity and crystal type structure, and spatial configuration.
information are presented for Selected This variation combined with limited
Periods. video resolution and Image magnificat ion

made It difficult for the analyst to
1. Introduction Identify salient features on which to

be measurements. This problem was
Air brece Geophysics Laboratory compounded when a particle tumbled or

(AIM) measuements recording the oscillated "n It fell, and resulted In
characteristics of naturally falling a broad scattering of fall velocity de-ovsno were made at Camp Grayling, M41 terminations.
during Jasmary 1964, In support of 813W- To enhance particle definition, It
TW/ksbe Woek Vt. Other related was decided to modify the WVI to a
experime were held previously in the back lighting concept. A strobe lamp
winter 19"1-1902 at Comp Rthan Allen, was mounted at the rear of the sample
Jericho, VT In support of SNOW-UKB-A, chamber behind a ground-glasesecreew
and at Camp 6rayllag, 341 during December sucsh that the diffused light would enter
1962, Is Support of UNOW-0I-B. The the camera directly. Ibis configuration
speserig orgemiseties for these three provides a Shadow Image of the falling
exparlmeets wae the go$* Army old Me- particle with better contrast and defimi-
gloes Research end Bugieseriug Laboratory tioe hrethore this methed has permitted
(SIEL). a large reducties to the Instrument's

physical aso. The only drawback to
AML istereete lay In three direc- this method to thet a mirror weed to do-

tioms: fall velocity meuremets, termisme the third dimension of particles!
crystal idestificatios, and sno- irate Is amwmeelosees the MI am sot den-

measemes?.MT e* ee emfegmatiom sGMed with particle Idestiflontiom s
was gathered by three AM prototype a Prim function, this limitaltoe i
iestrmmtes the fall velocity Indicator esoeeptable. Imeg eamoriefts es I
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IV a re seen In figure I* Thet sharper
image is evident* The VYI has been mod-
ified since January 84 to increase the
volume of snow entering the instrument
and further improveent's in both defis-

* I ition and collection capabilities are
being planned. Consideration Is being
given to digitizing the video for future
oaperations.

The easy structure recorder (51)
had some m nor changes made prior to
the January tests. To increase the
mmber of particles available for
analysi, the steOp/po mechanism was

Figure 1. Image comparisoo shoving stopped down tram 1 1/20 to 3/4" to
a reflected lmage on the left and a' decrease belt movemnt, thus doubling
ahadom imago on the'rights. 'the amut of time of each Semple,
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If led since January 64 to increse the
volume of saow *uteri"g te Imetrumet
and further lapr-meP.ete to both WifnL-
'ition OWd collectiom capabilities are
heing pleased. Consideration Is heimg
gives to digitiuing the Video for future

caertitone*
The seem structure recorder (5)

hdes ammr chasges ade prior to
the January teests. To lac rosse the

nmbiner of partialee available for
analysis, the estep/ge' mehMaium me

Figure 1. Imge comparison ehoving stepped down from 1 1/20 to 3/4 to
a reflected lmpg on the left sad a, decrease belt movemens thee dembhing
saodow Imag on the'right.. 'the amount of tim of each s*=PIGS
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Since the sampling area Is essentially snow rate data for tbase time were ob-
a *lot, collection efficiency io dopes- talsed.
dent uapon Instrument position with
respect to wind direction. The Instru-
ment has beon moted on a anually 4. 16 Jaur 1964
rotated table that allows It to be faced
Into the wind. Ckarrest piane are to on the 16th of January 1964, five
maceae this table and consideretions study periods were selected: 2000,
ae being made to similarly configure 2030, 2100. 2200s ad 2230. ll ALML
the FYI. The differences In the numbers Instnew to were operating during
of particles on on the SIR during those periods of relatively good snow-
the recent experimente, are significantly fall. During thse" periods the first
greater when compared to the numb-e *fifty free falling partile." seon on the
soes of the IZ. PVI more mesured for largest dime

The now rate moter was osestially at". snd for fall velocity. These
the son that seed is 8NIU-00-2. smeasreato are sAm in FIIgure 2, fall
Ansno fault with the SM has been defined -velocity vu* else ,lto wfib 4 the lar-
at this time, ma presume the current set physical diassae fTse solid
readings to be correct. There are still limes to the figures are the least squareI ~ ~~concerns regarding air flow around the rgesinlesadtedhdlne
instruments, particularly the SUN, and ohew plus or minus on standard dowls-
smoke tracking studies are being conducted* ties. The dots are individual particles.

The als range on this day Is broad with
largest diseioaa from .3 a to 16.6

3. SNow T)NO/Uoha Vek V1 Data smand fall velocities from .3 a soc-1
to .9S a soc-1. sum types sees, on

The availability of personnel sod the fall velocity Indicator are many:
budget restrictions prevented our stellars, spatial dendrites, aggregates
participation In the first half of the of dendrite. and graupllika anew in the
SHOV-TUD/6mbe oo~k IV field eercies. first and fourth caaeel doodritei
Our Winnebago arrived on site after the added Is the 3030 somlal rimed dendrites
Chrisem reess and the Instruments sad aw pellets during the 2100 sample;
mare in operation from January 8th thru and rned plat"s during the 2230 samples.
January 24th. Snowfall masurements Particles lose then .3 = are met
mare mdeon "sight (6) separate dayes visible em the WI becaue of t~o limited
Table 1 shom thee periods of operation vidoo retelem TWere appears to be
ad Indicate. amew intomeitie. and ob- some relationship betmes particle saso
served crystal types. Of these day" ad fall velsetl 8imilaritie do
Only two, 16 and 23 amearye had ouff- Qiet beWe-eourret Sar~s" and those
ciat oev, falling into all three pgoeemmd e USV'41U-A and NWW-S

Ineruma -towretfrhrasyei dataes "reperte to SII4-A and I
Fr the oter sin days very ligt armteritiea baouremm ad Data
snowfall sme reserdsd by dw MU wth Awdeels (Dartds at aIs 1We). lbs
very little da&taobbtes by d the @am stmeseusew Pasrsr) daoe es
end me. eassied for do fn ive peo d

.1 peretalse seenn ftd ton ai "aseity Im oft athe US. o
1Iahwss (WI). ob w 41 an am as OO&V ponds a"e is te 30

ow marelhed so do hst Lft OM n d oft- emm~a dpma
-als Pof f s~ieuI auk b L

"""! Y"~ - -- to i do prieds we ddkm M.
eSOIF U~ ~i~t Of h~40 umb mm mete ~ -
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into the wind. current plan seae to on the 16th of January 1964,0 f ive
machasise this table and considerations study periods vere electeds 2000,
are being ade to similarly configure 2030, 2100o 2200t and 2230. All £101.
the MeI The differences In the numbers instrmssts wer operating during
of particles seem on the 831t during these periods of relatively good sow
the recent eZperiuents are significantly fall. During these periods the first
greater when compared to the numbe-re Uifty free falling particles seen on the
soon of the FYI# FW woe "sured for largest dimne-

The now rate noter was essentially @Los and for fall velocity. These
the esto as that used in 5110W04 noaurements are shown In Figure 2p tall
As so fault with the SM hes been Anf land -velocity vi. @Ise plots, wfih A the lar-
at this tie, we presum the current gPat physical dismnsn The sold
reading@ to be correct. There are still line in the figures are the least equate
concerns regarding air flow around the regression lines and the dashed limes
instruments * particularly the SRN, and show plus or minus ona standard davisr-
smoke tracking studies are being conducted. tion. The dots are Individual particle

The aso range on this day Is broad with
largest dimensions from .3 on to 16.6

3. SNOW TmO/Smoke oek vi Data =a and fall velocities from .3 s sac- 1

to .95 a see-,. Snow types soon on
The availability of parsonnel and the fall velocity Indicator are many:

budget restrictions prevented our *tellers,* spatial dendrites, aggregates
participation In the first half of the of dendrites and graupollik. snow in the
sNow-TmO/Smoke Ihek IT field exercise, first and fourth cases; dendrites
Our Winnebago arrived on site after the added In the 2030 ample; rimed dendrites
Christ"@s recess and the instrumet* ad snum pellets during the 2100 ample;
were in operation from January 8th theu and rived plot"e during the 2230 amples.
January 24th. snowfall neasuremeuto Particles less than .3 ma are not
were made on eight (8) separate days. visible on the PH because of t~o limited
Table 1 shows the" periods of operation video resblutien. There appears to be
and indicates sn iIntensities and ob- am* relationship between particle ese
served crystal types. Of these days and fall velocity. Simlarities do
'only two, 14 med 23 January, had suffi- exist between currant analyses and these
cieat -so falling into all three prefrmsd on SUOV.ONK-A aod 530 O-SI
instruments to warrant further analyses* data as reported In SNOW-ONS-A and 5
for the other six days, very light Characterization Uhasurento and Data
snowfall mes recorded by the M with Analysis (Serthelv at &1, 1983). The
very little data obtained by the MI snow structure recorder(SSR) data was 5
ad $Sao examined for the sane five periods and

The periods of study fsr the 16th particle types deterine.o Mach the
and 23rd were determined by the namber sam particle variety obderved as thef
of particles seon on the fall velocity WI is seem o the 551. Samples of
indicator (Ml)e Became of the tie the study periods &iso seen in Figure 3.
consuming labor involved, the studies The ability to*'ov the instrumnt to
were Hlted to the hiet fifty free face ito the stoem has usd a signifi-
falling partiles" of e balf houf cant change Is the amount of data
period of comperatively heavy amo- all. recorded. Tho currant contfigurationI
tn odditiesl, Crystal type and fall centinmes ts give ged results. Sanlee
characteristic@ ware detemmimed with as for the five tine periods are samesn In
much accuracy so the liuitst iee of the Ifmers 4. The emow vouseaer (800)
video systm a11.se Thesm msasfe functiaee well an the 14th, mso datae
meets my nst be fully representative are eveleble but khe snwallwa
of the asturel. soonefall dietribatim lighte Iftis Imnmt oesrited f rem

*becouse of the small ample volum ad 0747 a30 so the Ifth t~a 063 on the
*analyst subjoeivIty. e eM ao struc- lith. During tMt perio only light
*tore r"eeia (on) was i to type pal- snow end emso *smeere ecuw0 346i-

sielee~~~~~~ atso eswssda*ta..Dtie .m roe at1 .(*1 on btu" mare

mom~~ A.'
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recorded for much of the day with the ticles. On this day the largest physical

heaviest period recording .3 n hr-I dimensions vary from .3 to 8.6 m. cons-
from 2000 - 2300. figure 5 showe the siderably sualer than the 16.6 m
_no" Tote plots. particles seen in the 16th Jan data.

The fall velocities varied from .27 a
sec "1 to 1.16 a eoe1 a broader range

5. 23 January 1954 tha seen oc the 16th. Crystal types
sen on the WI ware varied. The ftrst

The 23rd of January data was ana- study period included agregatee of
lysed in the sae fashion as the 16th. stellars, capped columas, rimed plates,

ile the snow woo more intense than spatial dendrites, graupllike snow;
on the 16th, it was so only for short the second, rimed dendrites, stellar*,
periods. Three periods of relatively aggregates of plates, columns, and
good *now were selecteds 1430, 1500 and graupellik. snow; the third, aggregates
1630. The fire t fifty free falling par- of dendrites, rLmed dendrites, graupel-
ticles were measured for fall velocity like @now, plates, and columns. Samples
and maximum dimension. These measure- from these periods are shown in Figure
ments are shown in Figure 6 fall velocity 7. The snow structure recorder shows
ve sixe plots with L the largest physical a similar variety with bullet rosettes
dimension. The solid line Is the least added in the 1430 period, and hexagonal
squares regression line and the dashed graupel in the third. Samples are
lines show plus or minue one standard shown in Figure S. The snow rate meter
deviation.. The dote are individual par- equivalency plot* for these and surround-.

1430 1ST 150S T I

S. , o. ,l410 10. 00 9

40001J 904 fall1Ab1

0 ,..J Fgre 6 13 23 N7194fl
lip 0100 velocity s lve uet lsmele

- t.o -

_ . .. ,.,s,sf' n



Anow rate plate _ , , ... nl n .. ......
h tall velocities varied trom .27 a

see I to 1. 16 a ae' a broader ronse
5. 33 January 1914 that s"n on the 16tb. Crystal types

"sn "n the FI were varied. The first
The 23rd of January data was an&- ptudy period Included aggregates of

lysod in the sam fashion an the l6th. stellars, capped columns, rimd plates,
Iile the snow was more intense than spatial dondrites graupellike sou;

on the 16th, it WE so only for short the second, rLed dendrites, stellar*,
periods. Three periods of relatively aggregates of plates, columns, and
good enow were selectedt 1430. 1500 and graupollfte snew; the third, aggregates
1630. The first fifty free fltling par- of dendrites, rtied dendrites, graupel-
ticles were measured for fall velocity Ilke snow, plates, and columns. Samples
and maimum dimensions The measure- rom those periods are show In Figure
mnte are shown to figure 6 fall velocity. 7. The snow structure recorder show
ve sioe plots with L the largest physical a similar variety with bullet rosettes
dimension. The solid ILn t the least added io the 1430 period, and hexagonal
squares regression line and the dashed graupol In the third. Samples are
lines show plus or minus one standard shown In Figure S. The snow rate meter
deviation. The dots are Individual par- equivalency plots for these and surround-.
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Ing periods are" sae in Pigure 9. The hr 1, while the three study periods 41 7
largest snow rate recorded was 2.2 m ztuinm ratio between 1.3 - 1S. m hr *.I.'
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SHIOV projcts re t he beiwW of a
I be" opamred tho fall velocity data boo. ,1V feet that the Irelamonato
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